Some patients with congestive cardiac failure maintain hyponatremia by the excretion of only small amounts of hypertonic urine. In the present study it is shown that following exercise the experimentally overhydrated patient with congestive cardiac failure excretes a very small amount of urine which may be hypertonic. This is in accord with the hypothesis that events which increase the severity of failure increase the tendency to the development of hyponatremia. SOME patients with congestive cardiac failure excrete small amounts of hypertonic urine even after the ingestion of water and thus develop hyponatremia.1 Clinical observations have suggested that events which increase the severity of failure increase the tendency to the retention of water and the development of hyponatremia.2 3 The present study was carried out to determine if exercise, presumably by increasing the severity of failure, would cause this abnormality in the excretion of water to occur. METHODS Sodium4 and urea. concentrations and freezing point depressions6 were determined by methods reported in the literature. The concentrations of an ideal solute necessary to produce the observed depressions of freezing point were calculated and are reported as total solute in units of milliosmols per kilogram of water.6 The venous pressure was measured by connecting a saline manometer directly to a needle inserted in an antecubital vein. With the patient reclining the venous pressure was recorded as the height of the saline above a plane halfway between the uppermost portion of the sternum and the back of the patient. PROCEDURE Each subject had nothing by mouth for nine hours prior to the observations. Venous pressure was From the Clinic of General Medicine and Experimental Therapeutics, National Heart Institute, National Institutes of Health, Public Health Service, U. S. Department of Health, Education and Welfare, Bethesda. Md. 90 determined at 8:45 a.m. At 9:00 a.m. the subject ingested 5 to 10 ml. of water per kilogram of body weight at 30-minute intervals for four doses, a total of 20 to 40 ml. per kilogram. The subject sustained the water load throughout the observations by ingesting water in an amount equal to the urinary output. Urine was obtained by having the patient stand and void. At 11:00 a.m. urine collections were begun. In some studies urine was collected for six 15-minute periods with the subject lying down. In the other studies urine was collected during two control periods, during an exercise period, and during two to four recovery periods. The periods were usually 15 minutes in length. However, in some cases very low rates of urine flow made periods up to 30 minutes necessary. During the control and recovery periods the subjects lay in bed. During the exercise periods the normal subjects walked at 4 miles per hour on a level walkway for 14 minutes. An attempt was made to have the patients walk at this rate. They were unable to do so and walked at a somewhat slower rate. Most of them were prevented from completing a full 14 minutes of exercise by the development of dyspnea or fatigue. Blood was drawn at 8:45 a.m., 10:45 a.m. and at the completion of the study.
SUBJECTS
Six men with cardiac disease, all of whom had been in severe congestive failure, and two normal men were studied. The ages and specific diagnoses are given in tables 1 and 2. At the time of the studies all of the patients had been treated with digitalis, low sodium diets and mercurial diuretics. Four patients were free of edema and had normal venous pressures. Two patients had slight pedal edema and increased venous pressures as recorded in table 2. 
RESULTS
Data from representative studies are given in tables 1 and 2 and are illustrated in figures 1 to 3. Ingestion of from 20 to 40 ml. of water per kilogram of body weight was followed by a reduction in the total solute and sodium concentrations of the serum and the establishment of an increased flow of dilute urine.
The course of water diuresis without exercise was observed in three studies of two normal men. Following the establishment of diuresis, the rates of excretion of water, sodium and urea remained almost constant or decreased slightly. The urinary total solute concentration remained almost constant.
The effect of exercise on water diuresis by normal man was observed in four studies on two normal men (table 1, fig. 1 ). Walking at approximately 4 miles per hour for 14 minutes was accompanied by only small changes in the course of the diuresis. The rates of excretion of water, sodium and urea always decreased slightly. The total solute concentration remained almost constant. The effect of exercise on water diuresis by the patient with congestive cardiac failure was studied in 6 patients (table 2) . Walking at somewhat less than 4 miles per hour for 6 to 14 minutes greatly decreased the rates of excretion of water, sodium and urea by all these patients. In three cases (C. S., H. Z., and J. C.) the urinary total solute concentration changed relatively little (fig. 2 ). In the other three cases (R. W., W. L., and C. K.) the urinary total solute concentration increased much more following exercise. In two of these three cases the urinary total solute concentration exceeded the serum total solute concentration ( fig. 3) . DISCUSSION The excretion of water and solutes by the normal subjects changed very little following exercise. The severity of the exercise was apparently insufficient to produce the more definite decreases in water and sodium excretion which have been reported for normal subjects by others.7 8 FIG. 3 . The effect of exercise on the excretion of water and solutes by a hydrated man with mitral stenosis and congestive failure. Serum sodium and total solute concentrations prior to hydration were 141 mEq.jL. and 281 mOsm./Kg. of water.
However, even milder exercise produced large decreases in the urinary excretion of water, sodium and urea by the patients with congestive cardiac failure. Such a decrease in water and sodium excretion during exercise by patients with cardiac disease has been previously reported.10 In the present study the errors in the estimation of sodium and urea excretion introduced by the greatly reduced water excretion should be considered. When urinary flow decreases, the excretion of a given solute for a given period is underestimated if there is a rise in the concentration of that solute in the urine leaving the renal tubules and entering the proximal portion of the renal "dead space." An estimate of this concentration for each solute was obtained from the concentration of that solute in the urine collected later in each experiment. In each case in which there was little change in the urinary total solute concentration (C. S., H. Z., and J. C.) the sodium concentration fell following exercise. Thus error due to "dead space" led to an underestimate of the magnitude of the decrease in the excretion of sodium. In these same cases the errors introduced by changes in urea concentration were relatively small. However, the errors introduced into the estimation of the rates of excretion of sodium and urea in the cases (R. W., W. L., and C. K.) in which the urinary total solute concentration rose greatly, were large enough to prevent any precise interpretation of these data.
The decreases in water and solute excretion without much change in total solute concentration were presumably due to decreased glomerular filtration rate"1 and possibly to increased isosmotic reabsorption of solute and water. The increased urinary total solute concentration observed in three cases may have been due to the action of neurohypophyseal antidiuretic hormone. The possibility that an extreme reduction in glomerular filtration rate may have led to the formation of hypertonic urine even in the absence of antidiuretic hormone cannot be excluded.
The ingestion of water produced definite hyponatremia in all the patients. Those who excreted a greatly reduced volume of hypertonic urine as a result of exercise resembled for a brief period patients in congestive failure who maintain hyponatremia chronically by the excretion of only small volumes of hypertonic urine. This result is in accord with the concept that the maintenance of hyponatremia by patients with congestive cardiac failure may be a manifestation of increased severity of failure.2' SUMMARY Exercise of a degree which produced little or no change in the renal excretion of water by normal subjects caused great reduction in excretion of water by patients with congestive cardiac failure who had ingested enough water to produce hypotonicity of the serum and hyponatremia.
In some instances this reduction of renal excretion of water was accompanied by the production of a hypertonic urine. Possible mechanisms of these phenomena and their relation to the hyponatremia which occurs spontaneously in congestive failure are discussed.
SUMMARIO IN INTERLINGUA
Exercitio a un grado que habeva pauc o nulle effecto super le excretion renal de aqua in individuos normal causava un grande reduction del excretion renal de aqua in patientes con dysfunctionamento cardiac congestive, ben que illes habeva ingerite satis aqua pro producer hypotonicitate del sero e hyponatremia.
In alicun casos iste reduction del excretion renal de aqua esseva accompaniate per le production de urina hypertonic.
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